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Abstract 


The type of cropping system that increase the soil chemical properties is very complex and the 
correlation between soil chemical properties on maize need to be addressed. In this way, the study was 
conducted to investigate the effect of cropping system, location and nitrogen fertilizer on soil chemical 
properties. A factorial experiment randomized in complete block design with two replications was 
conducted during 2011/12 and 2012/13 planting seasons. The experiment consisted of five management 
systems, namely, mono cropping cowpea, Mono cropping maize, rotational maize, rotational cowpea 
and intercropping maize-cowpea. The amount of 0 and 95; 0 and 92; 0 and 113.5 kg N ha” were applied 
on maize plots, while the amount of 0 and 20; 0 and 17; 0 and 23.5 kg N ha" were applied on cowpea 
plots at Potchefstroom, Rustenburg and Taung respectively. The laboratory analysis involved soil N- 
NO3, N-NH,, Bray 1-P and exchangeable K. Soil collected from cowpea plots planted on mono cropping 
and rotational systems had significantly (P < 0.05) higher soil N-NO; than soil collected at other 
cropping systems. Soil collected at maize plot planted on mono cropping and intercropping systems 
had significantly (P < 0.05) higher Bray 1-P than soil collected on other cropping systems. Location had 
significant (P < 0.05) effect on Bray 1-P, N-NO3; and exchangeable K. It was revealed that cropping 
system and location play a pivotal role on soil chemical properties. 
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INTRODUCTION 


The conservational cropping systems such as rotation 
and intercropping are known to improve soil structure and 
fertility. Cropping system has an immense effect on 
physical and chemical soil properties and also on crop 
productivity (Alam et al., 2014). Soil and crop 
management decisions affect soil quality, soil nutrient 
dynamics and soil chemical properties (Tittonell et al., 
2008). They further indicated that those management 
decisions include crop rotation, residue management and 
the intensity and frequency of tillage. Unsuitable 
management practices cause degradation in soil health 
as well as decline in crop productivity (Alam et al., 2014). 


Based on the findings of previous studies, there was 
significant effect of cropping system on_ nitrogen, 
potassium and phosphorus content of soil (Dahmardeh et 
al., 2010). It was further indicated that the lowest of N, P 
and K was obtained at sole maize. Nitrogen, phosphorus 
and potassium content following sole maize was 
significantly less than that following sole cowpea and 
intercrops. Biological nitrogen fixation plays an important 
role in the nitrogen uptake of cereal-legume intercropping 
(Sanginga and Woomer, 2009). 

Intercrop maize with a legume are able to reduce the 
amount of nutrients taken from the soil as compared to a 


maize mono crop (Seran and Brintha, 2010). During 
absence of nitrogen fertilizer, intercropped legumes will 
fix nitrogen from the atmosphere and not compete with 
maize for nitrogen resources (Adu-Gyamfi et al., 2007). 
The inclusion of legumes in rotations increased soil total 
N and mineral N at planting of maize, as well as the 
residual total N and mineral N at harvest (Omokanye et 
al., 2011). It was indicated that the increase soil nitrate is 
likely to be derived from the mineralization of legume 
residues, because of available high quality organic 
matter. The legumes in rotation, because of their deep 
roots, can increase the K level through relocation of the 
ion to the soil surface from deeper in the soil profile 
(Sarker et al. 2011). Nitrogen fertilizer had a greater 
influence on _ soil properties than crop sequence 
(Jagadamma et al., 2007). 

In this study, soil chemical composition were 
evaluated under different locations of different soil and 
climate types, and also under different cropping systems 
of maize and cowpea in relation to nitrogen fertilization. 
The rates of chemical composition were compared based 
on different depth of soil under different seasons. The 
interaction of location, cropping system, nitrogen fertilizer, 
soil depth and season on soil chemical composition was 
the main focus of this study. The main objective of this 
study was to determine the soil chemical composition 
amongst different locations and cropping systems. 


MATERIALS AND METHODS 
Experimental sites 


The study was conducted at three different dry land 
localities. The department of agriculture experimental 
station in Taung situated at 27° 30'S and 24° 30’E and 
Agriculture Research Council-Grain Crops Institute (ARC- 
GCl) experimental station in Potchefstroom situated at 
27° 26'S and 27° 26’E. The Agricultural Research 
Council-Institute for Industrial Crops (ARC-IIC) 
experimental station in Rustenburg is situated at 25° 43'S 
and 27° 18’E. The ARC-GCI experimental station has 
clay percentage of 34 and receives mean rainfall of 622.2 
mm, with daily temperature range of 9.1 to 25.2T during 
planting (Macvicar et al. 1977). The ARC-IIC 
experimental station has clay percentage of 49.5 and 
receives an average mean rainfall of 661 mm. Taung 
experimental site is situated in grassland savannah with 
mean rainfall of 1061 mm that begins in October. 
Potchefstroom (ARC-GCl) has plinthic catena_ soil, 
eutrophic, red soil widespread (Pule-Meulenberg et al. 
2010). The soil at Taung is described as Hutton, deep, 
fine sandy dominated red freely drained, eutrophic with 
parent material that originated from Aeolian deposits 
(staff, 1999). 
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The soil at Rustenburg (ARC-IIC) has dark, olive grey 
and clay soil, bristle consistency, medium granular 
structure (Botha et al. 1968). 


Experimental design 


The experiment consisted of five cropping systems, 
which were mono cropping cowpea, Mono cropping 
maize, rotational maize, rotational cowpea and 
intercropping maize-cowpea. The optimum rate of N to be 
applied at Potchefstroom and Rustenburg on maize was 
100 kg ha’' and on cowpea was 25 kg ha’'. At Taung, the 
optimum amount of N to be applied on maize was 120 kg 
ha’ and on cowpea was 30 kg ha’. The results of soil 
analysis before planting indicated the amount of 5 kg N 
ha” available at Potchefstroom, 8 kg N ha” available at 
Rustenburg and 6.5 kg N ha’ was available at Taung. 
The amount of 0 and 95 kg N ha’ were applied on the 
plots of maize at Potchefstroom, 0 and 92 kg N ha! were 
applied at Rustenburg and 0 and 113.5 kg N ha’ were 
applied at Taung. The amount of 0 and 20 kg N ha’ were 
applied on cowpea plots at Potchefstroom, 0 and 17 kg N 
ha’ were applied on cowpea plots at Rustenburg and 0 
and 23.5 kg N ha’ were applied on cowpea plots at 
Taung. The experiment was established in 2010/11 
planting season and data considered for experiment was 
collected during 2011/12 and 2012/13 planting seasons. 
The experimental design was factorial experiment laid out 
in random complete block design (RCBD) with two 
replicates. Maize cultivar (PAN 6479) and cowpea 
(Bechuana white) were used as test crop. 


Data collection, laboratory procedure and analysis 


Soil samples were collected at the depth of 0-15 and 15- 
30 cm. Soil samples collected were sent to ARC-IIC for 
analysis of N-NO3, phosphorus (Bray 1-P) and 
exchangeable K. Total nitrogen was _ determined 
according to the Kjeldah digestion procedure and N-NH, 
and N-NO3 were determined following IM KCI extraction. 
Available P was determined using Bray | procedure 
described by Bray and Kurts (1945). Exchangeable K 
was extracted using neutral normal ammonium acetate 
solution and K concentration in solution read on atomic 
absorption spectrophotometer (AAS). Analysis of 
variance was performed using Gen Stat 14" edition 
(2012). Least significant difference (LSD) was used to 
separate means. A probability level of less than 0.05 was 
considered as_ significant statistically (Gomez and 
Gomez, 1984).The second order interactions were 
considered on soil N-NO3 and Bray 1-P. The first order 
interactions were considered on soil N-NH,. The third 
order interactions were considered on soil exchangeable 
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Table 1. The results of soil chemical properties (mg kg’) of samples collected before planting 


at three sites. 


Site Chemical properties 0-15 cm 15-30cm 
Potchefstroom pH (KCl) 5.84 5.81 
N-NO3 2.25 2.90 
N-NH4 1.25 0.65 
P (Bray-1) 41 42 
K 348 318 
Taung pH (KCl) 6.51 6.63 
N-NO3 2.50 1.50 
N-NH4 0.75 0.75 
P (Bray-1) 7 7 
K 108 118 
Rustenburg pH (KCl) 4.87 5.07 
N-NO3 3.25 1.40 
N-NH4 0.75 0.50 
P (Bray-1) 4 2 
K 150 88 


Table 2. The interaction effect of cropping system x nitrogen fertilizer x season on soil N-NOs3. 


Cropping system N-Fertilizer Zero-Nitrogen 
2011/12 2012/13 2011/12 2012/13 

Intercropping 3.64 3.19 2.85 2.82 
Monocowpea 3.84 2.78 3.78 4.31 
Monomaize 2.22 2.43 1.70 1.06 
Rotacowpea 3.84 3.52 2.93 2.69 
Rotamaize 1.73 2.28 2.16 1.26 
LSD (0.05) 0.90 


Monocowpea = Monocropping cowpea; Monomaize = Monocropping maize; Rotacowpea 
= Rotational cowpea; Rotamaize = Rotational cowpea. 


K. The results of soil chemical properties collected before 
planting at three locations are indicated on Table 1. 


RESULTS 
Soil nitrate (N-NO3) content at harvest 


The interaction of cropping system x nitrogen fertilizer x 
season (P < 0.01) had significant effect on soil N-NO3 
(Table 2). Soil collected in rotational cowpea, mono 
cropping cowpea and intercropping systems, where 
nitrogen fertilizer was applied had significantly higher soil 
N-NO3 of 3.84, 3.84 and 3.64 mg/kg respectively than 
other cropping systems during 2011/12 planting season. 
During 2012/13 planting season, soil collected under 
nitrogen fertilizer plots in rotational cowpea and 
intercropping systems had significantly higher N-NO3 of 


3.52 and 3.19 mg/kg respectively than other cropping 
systems. During 2011/12 planting season, soil collected 
under zero-nitrogen fertilizer plots in rotational cowpea, 
intercropping and mono cropping cowpea systems had 
significantly higher N-NO3 of 2.93, 2.85 and 3.78 mg/kg 
respectively than other cropping systems. During 2012/13 
planting season, soil collected under zero nitrogen 
fertilizer plots in mono cropping cowpea, intercropping 
and rotational cowpea systems had significantly higher N- 
NO3 of 4.31, 2.82 and 2.69 mg/kg respectively than other 
cropping systems. 

The interaction of location x nitrogen fertilizer x season 
(P < 0.004) had significant effect on soil N-NOg3 (Table 3). 
Soil collected under nitrogen fertilizer plots at 
Potchefstroom and Taung had significantly higher N-NO3 
of 4.64 and 2.84 mg/kg respectively during 2011/12 
planting season. During 2012/13 planting season, soil 
collected under nitrogen fertilizer plots at Rustenburg and 
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Table 3. The interaction effect of location x nitrogen fertilizer x season on soil N-NO3 in mg/kg. 


Location N-Fertilizer Zero-Nitrogen 

2011/12 2012/13 2011/12 2012/13 
Potchefstroom 4.64 2.00 4.33 1.43 
Rustenburg 1.68 3.69 1.52 2.42 
Taung 2.84 2.83 2.21 3.44 
LSD (0.05) 0.70 


Table 4. The interaction effect of location x soil depth x season on soil N-NO3 in mg/kg. 


Location 0-15 cm 
2011/12 

Potchefstroom 6.03 

Rustenburg 2.01 

Taung 3.32 

LSD (0.05) 0.70 


15-30 cm 
2012/13 2011/12 2012/13 
2.10 2.93 1.32 
3.61 1.19 2.50 
4.22 1.73 2.04 


Table 5. The interaction effect of location x soil depth on soil N-NH4 in mg/kg 


Location 
Potchefstroom 
Rustenburg 
Taung 

LSD (0.05) 


0-15 cm 15-30 cm 
1.09 0.79 
0.67 0.53 
0.37 0.38 
0.13 


Taung had significantly higher N-NO3 of 3.69 and 2.83 
mg/kg respectively than other location. Soil collected 
under zero nitrogen plots at Potchefstroom and Taung 
had significantly higher N-NO3 of 4.33 and 2.21 mg/kg 
respectively than other location during 2011/12 planting 
season. During 2012/13 planting season, soil collected 
under zero nitrogen fertilizer plots at Rustenburg and 
Taung had significantly higher N-NO3 of 2.42 and 3.44 
mg/kg respectively than other location. 

The interaction of location x soil depth x season (P < 
0.001) had significant effect on soil N-NO3 (Table 4). Soil 
collected at the depth of 0-15 cm in Potchefstroom and 
Taung had significantly higher N-NO3 of 6.03 and 3.32 
mg/kg respectively. During 2012/13 planting season, soil 
collected at the depth of 0-15 cm in Rustenburg and 
Taung had significantly higher N-NO3 of 3.61 and 4.22 
mg/kg respectively. Soil collected at the depth of 15-30 
cm in Potchefstroom had significantly higher N-NOg of 
2.93 mg/kg. During 2012/13 planting season, soil 
collected at the depth of 15-30 cm in Rustenburg and 
Taung had significantly higher N-NO3 of 2.50 and 2.04 
mg/kg respectively. 


Soil ammonium (N-NH,) content at harvest 


The interaction of location x soil depth (P = 0.004) had 


significant effect on soil N-NH, (Table 5). Soil collected at 
the depth of 0-15 cm in Potchefstroom and Rustenburg 
had significantly higher soil N-NH, of 1.09 and 0.67 
mg/kg respectively than other location. Soil collected in 
Potchefstroom and Rustenburg at the depth of 15-30 cm 
had significantly higher soil N-NH, of 0.79 and 0.53 
mg/kg respectively. 

The interaction of location x season (P < 0.001) had 
significant effect on soil N-NH, (Table 6). During 2011/12 
planting season, soil collected at Potchefstroom and 
Rustenburg had significantly higher N-NH, of 1.11 and 
0.75 mg/kg respectively than other location. During 
2012/13 planting season, soil collected at Potchefstroom 
had significantly higher soil N-NH,4 of 0.77 mg/kg than 
other locations. 


Soil Bray 1-P content at harvest 


The interaction of cropping system x location x season (P 
= 0.01) had significant effect on soil Bray 1-P (Table 7). 
Soil collected in intercropping system at Potchefstroom 
during 2012/13 planting season, had significantly higher 
Bray 1-P of 23.50 mg/kg than soil in mono cropping 
cowpea system. During 2011/12 planting season at 
Taung, soil collected in intercropping system had 
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Table 6. The interaction effect of location x season on soil N-NHg4 in mg/kg 


Location 2011/12 2012/13 
Potchefstroom 1.11 0.77 
Rustenburg 0.75 0.45 
Taung 0.32 0.43 
LSD (0.05) 0.13 


Table 7. The interaction effect of cropping system x location x season on soil Bray 1-P in mg/kg 


Cropping system Potchefstroom Rustenburg Taung 
2011/12 2012/13 2011/12 2012/13 2011/12 2012/13 

Intercropping 17.00 23.50 4.00 9.25 22.12 12.12 
Monocowpea 13.12 15.25 3.12 4.00 9.50 10.87 
Monomaize 17.12 18.12 4.00 5.62 13.38 23.12 
Rotacowpea 16.12 19.88 3.75 4.87 12.62 14.88 
Rotamaize 15.00 19.38 3.87 3.88 14.38 21.62 
LSD (0.05) 6.68 


Monocowpea = Monocropping cowpea; Monomaize = Monocropping maize; Rotacowpea = Rotational 
cowpea; Rotamaize = Rotational cowpea. 


Table 8. The interaction effect of cropping system x location x nitrogen fertilizer x season on soil exchangeable 


K in mg/kg 

Cropping system Location N-Fertilizer Zero-Nitrogen 
2011/12 2012/13 2011/12 2012/13 
Intercropping Potch 236.50 260.00 249.75 240.25 
Rust 126.00 103.00 122.00 127.75 
Taung 127.75 120.50 118.00 144.50 
Monocowpea Potch 224.00 274.00 195.25 211.50 
Rust 137.75 128.25 130.25 139.25 
Taung 105.25 136.50 110.50 130.25 
Monomaize Potch 235.25 227.00 229.00 242.00 
Rust 144.00 127.75 132.25 132.75 
Taung 110.25 115.25 96.50 117.00 
Rotacowpea Potch 252.25 222.25 213.75 254.75 
Rust 122.75 111.75 135.50 112.75 
Taung 108.75 107.75 124.25 110.00 
Rotamaize Potch 229.00 255.00 234.50 213.25 
Rust 125.25 117.50 121.00 121.50 
Taung 99.75 99.00 102.00 109.50 

LSD (0.05) 34.18 


Monocowpea = Monocropping cowpea; Monomaize = Monocropping maize; Rotacowpea = Rotational 
cowpea; Rotamaize = Rotational cowpea; Potch = Potchefstroom; Rust = Rustenburg. 


significantly higher Bray 1-P of 22.12 mg/kg than other Soil exchangeable K content at harvest 

cropping systems. During 2012/13 planting season at 

Taung, soil collected in mono cropping and rotational The interaction of cropping system x location x nitrogen 
maize systems had significantly higher Bray 1-P of 23.12 fertilizer x season (P = 0.038) had significant effect on 
and 21.62 mg/kg respectively than other cropping exchangeable K (Table 8). In intercropping system, soil 
systems. collected at Potchefstroom under nitrogen fertilizer plots 


had significantly higher exchangeable K of 236.50 and 
260.00 mg/kg during 2011/12 and 2012/13 planting 
seasons respectively than other locations. Under zero 
nitrogen fertilizer plots, soil collected in intercropping 
system at Potchefstroom had_ significantly higher 
exchangeable K of 249.75 and 240.25 mg/kg during 
2011/12 and 2012/13 planting seasons respectively. 

In mono cropping cowpea system, soil collected at 
Potchefstroom under nitrogen fertilizer plots had 
significantly higher exchangeable K of 224.00 and 274.00 
mg/kg during 2011/12 and 2012/13 planting seasons 
respectively than other locations. Under zero nitrogen 
fertilizer plots, soil collected at Potchefstroom in mono 
cropping cowpea system had_ significantly higher 
exchangeable K of 195.25 and 211.50 mg/kg during 
2011/12 and 2012/13 planting seasons respectively. 

In mono cropping maize system, soil collected at 
Potchefstroom under nitrogen fertilizer plots had 
significantly higher exchangeable K of 235.25 and 227.00 
mg/kg during 2011/12 and 2012/13 respectively than 
other locations. Under zero nitrogen fertilizer plots, soil 
collected at Potchefstroom had _ significantly higher 
exchangeable K of 229.00 and 242.00 mg/kg during 
2011/12 and 2012/13 planting seasons respectively than 
other locations. 

In rotational cowpea system, soil collected at 
Potchefstroom under nitrogen fertilizer plots had 
significantly higher exchangeable K of 252.25 and 222.25 
mg/kg during 2011/12 and 2012/13 planting seasons 
respectively than other locations. Under zero nitrogen 
fertilizer plots, soil collected at Potchefstroom had 
significantly higher exchangeable K of 213.75 and 254.75 
mg/kg during 2011/12 and 2012/13 planting seasons 


respectively. 
In rotational maize cropping system, soil collected at 
Potchefstroom under nitrogen fertilizer plots had 


significantly higher exchangeable K of 229.00 and 255.00 
mg/kg during 2011/12 and 2012/13 planting seasons 
respectively than other locations. Under zero nitrogen 
fertilizer plots, soil collected at Potchefstroom had 
significantly higher exchangeable K of 234.50 and 213.25 
mg/kg during 2011/12 and 2012/13 planting seasons 
respectively. 


DISCUSSION 
Soil N-NO3 and N-NH, 


The amount of N-NO3 had increased at Potchefstroom 
and Taung at the end of cropping system as compared to 
N-NOs obtained before planting of trial (Table 1). The 
amount of N-NH, was decreased in soil at the end of 
cropping as compared to N-NH, obtained before planting 
at all sites. The differences of N-NO3 and N-NH, across 
sites and seasons may have been attributed to different 
soil types, temperatures and rainfall. This confirmed 
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statements by Qi et al. (2011) that there was the 
interactive effect of temperature and moisture on 
mineralization of soil nitrogen. Soil collected at 
Potchefstroom had higher N-NO3 and N-NH,, and this 
may have been attributed to high organic matter and soil 
texture of that soil, which reduced loss of nitrogen 
through leaching. This agreed with similar findings by 
Najmadeen et al. (2010) who reported the interactions 
among soil organic matter and total nitrogen contents 
with soil texture. 

The amount of soil nitrate (N-NO3) should be between 
the critical levels of 8-12 mg kg (Miao et al., 2015). At 
both 0-15 and 15-30 cm depths, N-NO;3 was below the 
critical level. The higher level of N-NO3 in plots of cowpea 
planted under intercropping, mono cropping and 
rotational systems may have been attributed to the 
improvement of soil structure and soil organic matter by 
cowpea. This agreed with similar findings by Reckling et 
al. (2014) who reported that inclusion of grain legumes in 
rotation either as a sole crop or as an intercrop provided 
N-inputs into the system. The higher level of N-NOg in 
plots treated with N fertilizer agreed with similar findings 
by Sadej and Przekwas (2008) who reported that N 
fertilization significantly increased total soil N in the 
surface of 30 cm. 


Soil Bray 1-P 


At Potchefstroom and Rustenburg, Bray 1-P was 
decreased in soil at the end of cropping as compared to 
P obtained before planting of trial (Table 1). This implied 
the high uptake of phosphorus during growth of both 
maize and cowpea. The amount of P (Bray-1) should be 
between the critical levels of 8-15 mg kg’ (Miao et al., 
2015). The differences in soil P across the sites may 
have been attributed to different soil type of sites. This 
confirmed statements by Shahram and Ali (2015) that the 
processes behind P losses were complex and influenced 
by natural factors such as soil properties and weather 
condition. The coarse textured soil without macro pores, 
the direct risk of P leaching losses after application of P 
was generally low due to adsorption of P (Wang et al., 
2014). The high percentage of Bray 1-P in mono cropping 
maize was not expected in this study. This study shows 
that it was possible to obtain high soil Bray 1-P content 
under sole maize as compared to sole cowpea. This 
could be attributed to high uptake of soil available 
phosphorus during vegetative and reproductive stage of 
cowpea crop. Hassan et al. (2012) reported that legumes 
had the ability to solubilise P from less pool in the soil. 
This corroborated with the findings of this study, where 
Bray 1-P was less in mono cropping and rotational 
cowpea plots. It was also reported by Hassan et al. 
(2012) that including legume in rotation increases 
phosphorus availability to the following crop due to their 
deep roots. The differences in soil phosphorus across the 
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seasons may have been attributed to poor drainage 
system that led to flooding. 


Soil exchangeable K 


The amount of exchangeable K decreased at the end of 
cropping in Potchefstroom and Rustenburg as compared 
to the amount of exchangeable K obtained before 
cropping (Table 1). This indicated the high uptake of 
exchangeable K during cropping seasons by both 
cowpea and maize. The decrease in exchangeable K 
during the end of cropping was at Potchefstroom and 
Rustenburg where clay percentage was high. The 
amount of exchangeable K was increased in the end of 
cropping at Taung, where percentage of sand was high. 
This indicated the benefits of maize-cowpea rotation, 
intercropping and nitrogen fertilisation, by improving the 
amount of exchangeable K in sandy soil. Fox and 
Valenzuela (1989) reported that the critical levels of 
potassium (K) should be 40 mg kg’. The less content of 
exchangeable K in soil of Potchefstroom and Rustenburg 
at the end of cropping may have been attributed to high 
uptake of available K by crops. This confirmed the 
findings by Oldah (2011) who reported that when plant 
use K present in the soil solution, more K was released 
from the clay particles to the solution in response to 
decreased in concentration. The higher exchangeable K 
during 2012/13 planting season may have been attributed 
to the rate of rainfall, which had not led to severe 
leaching of K from surface soil. This confirmed 
statements by Shahbazi and Towfighi (2006) that 
exchangeable K decreased with increasing _ soil 
saturation. In terms of site and season, Tsukamoto e¢ al. 
(2013)found that some soil properties improved at 
locations where higher amount of precipitation and lower 
temperature occurred. 


CONCLUSIONS 


The inclusion of legume in cropping system improves soil 
N-NO3 and N-NH,. The interaction effect of cropping 
system x site x season on Bray 1-P, N-NO3 and 
exchangeable K  had_ contributed towards the 
improvement of soil fertility status. Soil chemical 
properties are affected by different planting seasons due 
to different climatic factors. Location plays a major role on 
the availability of soil Bray 1-P, N-NO3 and exchangeable 
K. 
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